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(57) ABSTRACT

A vertical type semiconductor device includes first and sec-
ond word line structures that include first and second word
lines. The word lines surround a plurality of pillar structures,
which are provided to connect the word lines to correspond-
ing string select lines. Connecting patterns electrically con-
nect pairs of adjacent first and second word lines in a same
plane. The device may be a nonvolatile memory device or a
different type of device.

20 Claims, 31 Drawing Sheets

FIRST
DIRECTION

THIRD
DIRECT{ON

SECOND
DIRECTION



U.S. Patent Apr. 5, 2016 Sheet 1 of 31 US 9,306,041 B2

SECOND
DIRECTION

THIRD
DIRECTION

2
FIRST
DIRECTION

152b

153b 150

1

FIG.



U.S. Patent

153a¢

Apr. 5, 2016 Sheet 2 of 31 US 9,306,041 B2
FIG. 2A
130
136 Wuo
\ / ) / +~132
\\\\s }V JH¢/ § +~112
s SIS S e
52— R R S e
152a¢§§f&\\\\::\\\\\\\\ ::\\\\\\;,§§\—»152b
oz A i S S — 520
tsze— Y N A S oo
e | SN N e e
e RN\ R AN Ko
( 100




U.S. Patent

153as

Apr. 5,2016 Sheet 3 of 31 US 9,306,041 B2
FIG. 2B
130
136 156 138 126 124 122 120
g )
( C / ) / 1132
N N TR
\\\\ N ‘W¢ Sy 12
DR N[N NN NN
1o NI IO Y e
N NN SN NN R
sz Y I RN RS 1520
it \ \ N N 153b
EZE NN N NN :§\4152b>
152av§55:\\\\Q§ § §;‘:\\\\\:E§\«152b
+~100




U.S. Patent Apr. 5, 2016 Sheet 4 of 31 US 9,306,041 B2

FIG. 3

THIRD
DIRECTION

<

SECOND
DIRECTION



U.S. Patent Apr. 5, 2016 Sheet 5 of 31 US 9,306,041 B2

<C

DSOS SN ESNSNISISSNNNSNSNSONSNSNANG T
BNSNANNSN \1\::5:\\\\\\\\\\\“

4154
154

THIRD
DIRECTION

\%\ Al
BRSNS NSISSNANINDN SNSNSSNNNSSANYN
k\\\\\\\\\\\:;::\\ NONNSNNNNN]

SECOND
DIRECTION

h\\Y\\\\\\\YiE§§1\\\\\\\\\\V
ENNNNSNNNNNN :::i SONNSNNNNNANNG

L\\L\\\\\\\\\ss:3\\\\\\\\\\\]
R\\\\\\\\\\t::i:\\\\\\\\\\\ﬂ

l\\\\\\\\\\?\zzsf\\\\\\\\\A\ﬂ
BENSNSNNNNSNNANN SONNSNNNNNAN
NANNY

CELL BLOCK REGION

l
K\\\\\\\\\\{QQQ\\\\\\\\\\\\V
k\\\\\\\\\\\::::\\\\\\\\\\\\I

1
h\\\\\\\\\\¢§\\\ SONSNNSNANANNN]
OSSNSO NNSNNSNNOSSISNNNNNNNNNNSNANNG

DNONNOSNNSNNNNNNSNNNNNNANN NNNNY T
k\\\\\\\\\\\::::\\\\\\\\\\\V

FIG. 4A

K\\V\\\\\\\\i::z\\\\\\\\\\YV
k\\\\\\\\\)\::::\\\\\\\\\\\\1

k\\\\\\\\\\\\iiil\\\\\ ANANANANAN
l\\\\\\\\\\\;::;\\\\\\\\\\\AY

LA\\\\\\\\\\\szsj\\\\\\\\ SN
ENANNNNNANANNDN SN NNNNNNNNNY
NN

l\\\\\\\\\\\\sszs\\\\\ SN
DNNN \\\\\\\::::\\\\\\\\\\\V

CELL BLOCK REGION

K\\\\\\\\\Y\t:ii\\\\\\ SONANN
k\\\\\\\\\\\:::;\\\\\\ A NN N

k\\\\\\\\\\\szizl\\\\\\\\\\“
DS NS SANSINNSANNOOSONSSAOOANNSANANTAN]




U.S. Patent Apr. 5,2016

_-152¢

Sheet 6 of 31

167
/

)

MR
TTEEERNY
NN \
\\\\\\\X
\\\\\\\\\\

152a  152b

MO

)

AN

\\\\\\\\\

U
NN

CELL BLOCK REGION

\\\\\\\\\\\
R

FIG. 4B

ANMRN..

NANN

MANNIN
k\\\\\\\\\\\\\\\\
RN
NN
DARNAN

NN

s\\\\\\\\\
\\\\\\\\\\\

CELL BLOCK REGION

SN
=\
AN

157
\

US 9,306,041 B2

DIRECTION

[——~— THIRD

SECOND
DIRECTION



US 9,306,041 B2

Sheet 7 of 31

Apr. 5, 2016

U.S. Patent

NO1 103410
aNOO3S

NO1103414
(dIHL

NO1103410
1414

v0ldap01

G "Ol4




US 9,306,041 B2

Sheet 8 of 31

Apr. 5, 2016

U.S. Patent

NO1103410
(N0J3S

NO113341d
(HIHL

NO110341d
18414

SH

€901

001

7

~Qq901
~~0901
~p90}
9901 > 90}
~— 190}
—~—0901
el
1901 |




US 9,306,041 B2

Sheet 9 of 31

Apr. 5, 2016

U.S. Patent

NO1 103410
(NOO3S

NOI10341d

Q4IHL

NO113341d
1S4td

00t

4%

dnOYd TINNVHO
aNOJ3S
dNOYD T3NNVHO
1SH14
dNOYd TTINNVHO

. "9l ON0D3S

290} |
4901
0901
Po0L
2901 L 901
1901
8901
490!
1904 |

dnodd TINNVHO
1414



U.S. Patent Apr. 5, 2016 Sheet 10 of 31 US 9,306,041 B2

FIG. 8

130
———
126 124122 120

\ )/ /

\\ \\T \1\/// :\\ A-106i
oS IS SO
108fv§sémzfm:\wgggv106f

108<108ev§: NN W \ :\\\\\\ f§“~106J106
108dﬁ§‘§\\\\§ NN N\;§~106d
1080v§§5&\\\55\\\\\\\\\ NN §:v106c
108bv§ ‘ N ‘ \\\\\\\\ ‘ \\\\\: RE §~1 06b
ey Y Y S N
| ] Lo
\

114/ 116



US 9,306,041 B2

Sheet 11 of 31

Apr. 5, 2016

U.S. Patent

NO 103410
GOEN

NOIL103d1d
QdiHL

NO1103410
15414

bl




US 9,306,041 B2

Sheet 12 of 31

Apr. 5, 2016

U.S. Patent

NO 1103414

aN

NO1103410
Gy IHL

0938

NO110341d
15414

001

901 |
asol
3901
P90
990} 5901
1801
8901
Uaot
1901 |




U.S. Patent Apr. 5, 2016 Sheet 13 of 31 US 9,306,041 B2

DS NNSNNNSNNNSSNIONNNNNNSSNANNANN] T

NS NNNANNNNNNNNNSNNNNNSNNSNNNNG

THIRD
DIRECTION

DN NNNNNNNNNSNINSNNNNNNNNANN \%VS

EEONN NN NMNSSANNNSSNSONNNANNNNNNNNANGY

L AN NNNNNSNNNNNNNNNANNSNNANNN

SECOND
DIRECTION

EAN S N NN NNNNSNSNNN NSNS NNNNNNSNNNG

AN NSNS SASNSAS AN ANANDN SN NN]

LSO NSNNNNNANNSNNN SONSNNNNNANNG

DSOS SN NN

NN NS NNNSNNNNNSNNNSNNSNNANNNNANANG

CELL BLOCK REGION

NN NSNS NSNS NNNNN NSNS NNANNNANNNNG

LONN NS NNNNNNNNNNSNNSNSNNANNNNANANANT

ODON SN AN NANANNNNANSSISANSSISNANNSSSAS]

ENNN NN N AN ANNNANNSSASSNSISNSSNINANSNANT

OIS ANNN NN ANNNNNNISINOSSANNASSNSN]

OO AN NN NN AN NNINOONINISNNNASASSSANT T

FIG. 11A

LA SN NN AN NSSANSNS SNSRI NNINNSNT

DLASOSOONSNNSANANSNIISSOAOSINSSS SONNSNANT

LA S ONAN NSNS NS AN SONNNNNNNNNT

AN NN AN N NNINNNININN AN SONMNNNNGY

LA N O NANNANN S ASNSNISISI NSNS

LA NN S NN NSNSSNINNANSSNANANN NSO

| BNANANANAN NSNS SOANNNNNANANNSN]Y

LA NN N NN NN NSNS SSIONNSINIONONNTESSASSNT

OO IO NN NSNS SN SIS SN ST

CELL BLOCK REGION

LN OAN NSNS NN ANNISINNININN SNANNNNANG

XN N NANANANNNNNANN S SINN IS NN YT

LA AN S AN NS SSNSSSNASISSOSSSSSARNTTT

OO A AN A AN NSNS INSIS SIS KNS SONNSSYT

OO SO NS ISS SN NSNS S SOS SN




U.S. Patent

FIG. 11B

Apr. 5, 2016

Sheet 14 of 31

AR

AN

M.

AR

AN

AN,

DN

AN,

AN

RO

RN

AN

AN

AN,

RAINNN.

AR

AR

AMIN.

AN

AN

AN

AN

RN

A Y

12

CELL BLOCK REGION

CELL BLOCK REGION

US 9,306,041 B2

THIRD
DIRECTION

SECOND
DIRECTION



US 9,306,041 B2

Sheet 15 of 31

Apr. 5, 2016

U.S. Patent

NO 1133410
aNOJ3S

NOI103410
Q4 1HL

NO1103d1d
18414

ﬁmof




US 9,306,041 B2

Sheet 16 of 31

Apr. 5, 2016

U.S. Patent

NO110341d
aNOJ3S

NO1103d1Q
Jd1HL

NO1133410

€L 914

» 901




U.S. Patent Apr. 5, 2016 Sheet 17 of 31 US 9,306,041 B2

FIG. 14
108h
\\\
134a
138
N

134a




US 9,306,041 B2

Sheet 18 of 31

Apr. 5, 2016

U.S. Patent

15

FIG.

136
/

134
(

/138

142

T™~132

100

© © ©

[en] o ~—

A A VA A v A4 v /
VA VAV Wi ol L v Ve ok koo o e, VA4

| |

Rl 2l L 2Ll - va v
\ 222227 AV AP AV L AL A P AP A & 2T 2272 VA4

_E::::::_l

J::::z::ﬁ

4
\\ 22222
\\ V4

[T

MO0 0000 U1

4
N\\ VLT LP A L9V A a2 2T 2L VAT A \\\\\“
v N\\\\ L2z il LT 2L
-~

130 124~
122
120




U.S. Patent Apr. 5, 2016 Sheet 19 of 31 US 9,306,041 B2

FIG. 16A
130
136 126 124 122 120
) | | )
/// / +~132
N J AR
S| NI TN -
(1522 RS RN RN 1520
15 2a- N R H A R S 1520
1522 RN A AR R RS s26
153a<1523v§ 5&\ \§ \\\\\\\\\\g\\\\\\\\§\'152b>153b
1523V§:§N: NN NN :E:;ﬁf’?b
t52a-t RN \\\\\\\% NN RS 1520
NN SN i
/
{ +-100

152¢



U.S. Patent Apr. 5, 2016 Sheet 20 of 31 US 9,306,041 B2

FIG. 16B
130
11)’:6 156 138 126 124 122 120
\ ( L / ) / +~132
N N L
AN N W & \\ 4112
R N NNV N N N R )
152a— I IR RS NI RSN RS 1520
RN o]
a N N N >
s IR N AR — 1520
SN NN SN N NN e
+100




U.S. Patent Apr. 5, 2016 Sheet 21 of 31 US 9,306,041 B2

=
5
a=
C
T3
=
[a =
'—5 =)=
= S
5 S
- oyt
g5\ B
= a
i oc
o

v "o,
NN
%) v
'~

B\
,— L7

153a 156

FIG. 17



US 9,306,041 B2

Sheet 22 of 31

Apr. 5, 2016

U.S. Patent

NO1103410
aNOJ3S

NO1193410
Qd1HL

NO|10341d
18414

i~

» 901




US 9,306,041 B2

Sheet 23 of 31

Apr. 5, 2016

U.S. Patent

NO11334d10
aNOJ3S

NO110341a
JyiHL

NO 1103414
15414




U.S. Patent Apr. 5, 2016 Sheet 24 of 31 US 9,306,041 B2

[33]
CSSSSSNSSSSSSSSSSSSISTSNNSI o T Z
o o —
e~ =5
N T
— oC
AN AN AAANAA AR AL AR | =
=
o
s 2 l
OO
[ TSNS SSS ST TSNS NS EH%
o
SN =
o
S S S S S S S S S S SS S S S NSNSS SNY s
o
[ NANANANAN <
IS
SSOOTEEEEEEEEEEEEE OSSN T
|
[ NANANANAN/ —
&
S S S TS OS S NSNNSS S
[ NANANANAN
S S S OSSN S S
() =X
QN
S S TS S S S S S SSSSSSSSSONS SNY 1
(@»]
— OSSO TSNS SN S S S T
[ NANANANAY
S TSSOSO S S Y
[ NANANANAN
AR AAAAA AR AR ARG |
 NANANANAN| =
OSSR NSNS e
-
ENSNN x
S
=X OSSN S SSSSSIESSXSS =
SN o
&
OSSO T SRS SN
[ NANANANAN
S ST O OO S S S S
AN
OO OO S S 1




U.S. Patent Apr. 5, 2016 Sheet 25 of 31 US 9,306,041 B2

=
S
) —
- —
o]
=
o )
=
= e [SPEY
S o5
— = o &
) =
el o
o
o

FIG. 21




US 9,306,041 B2

Sheet 26 of 31

Apr. 5, 2016

U.S. Patent

FIG. 22

154

SECOND
DIRECTION



US 9,306,041 B2

Sheet 27 of 31

Apr. 5, 2016

U.S. Patent

NO11334d1d
aN0O3S

NO1103410
adiHL

NO1103410
18414

Z

Sl

S X

> 901




U.S. Patent Apr. 5, 2016 Sheet 28 of 31 US 9,306,041 B2

SECOND
DIRECTION

THIRD
‘< DIRECTION

=
(e
— —
)=
[ sl e
- LL}
u.
(s}

FIG. 24

e O D) e 0o O
O O O © O O
O O O O S o
D 2ei dneuli sl S T

’

106§ 106e



US 9,306,041 B2

Sheet 29 of 31

Apr. 5, 2016

U.S. Patent

NOI13341d
ANOJ3S

NO11334d14
adIHL

NO110341Q
18414

495

00¢
4 %%

001

€90} |
g0}
9901
P90
8901
1901
B901
oot
190} |

» 901




U.S. Patent Apr. 5, 2016 Sheet 30 of 31 US 9,306,041 B2

THIRD
DIRECTION

SECOND
DIRECTION

=
(]
'\_._
=
o O
— Ll
u. oo
(o]

FIG. 26




U.S. Patent Apr. 5, 2016 Sheet 31 of 31 US 9,306,041 B2

1100

/1160 1110

1112 2 1111
) )
1130~ cPU ( (
MEMORY MEMORY
CONTROLLER DEVICE
1140~  Rraw
USER
1150~ |\ TERFACE MODEM 1120




US 9,306,041 B2

1
VERTICAL TYPE SEMICONDUCTOR
DEVICES

CROSS-REFERENCE TO RELATED
APPLICATION

Korean Patent Application No. 10-2013-0005325, filed on
Jan. 17, 2013, in the Korean Intellectual Property Office, and
entitled, “Vertical Type Semiconductor Devices,” is incorpo-
rated by reference herein in its entirety.

BACKGROUND

1. Field

One or more embodiments described herein relate to a
semiconductor device.

2. Description of the Related Art

Various techniques have been developed for making semi-
conductor devices. One technique involves stacking cellsin a
vertical direction on a substrate, for purposes of attaining a
higher degree of device integration. In such a device, word
lines included in each cell may also have a vertically stacked
structure. However, vertically stacking the word lines has
been shown to complicate the wiring design used to apply
electrical signals to the word lines.

SUMMARY

In accordance with one embodiment, a vertical type semi-
conductor device includes a plurality of pillar structures
extending in a first direction, the pillar structures including
channel patterns and being arranged in a second direction and
a third direction crossing the second direction; a first word
line structure surrounding the pillar structures, the first word
line structure extending in the second direction and including
first word lines, the first word lines being spaced apart from
each other and stacked in the first direction; a second word
line structure surrounding the pillar structures, the second
word line structure extending in the second direction and
including second word lines, the second word lines being
spaced apart from each other and stacked in the first direction,
the second word line structure being disposed adjacent to the
first word line structure in the third direction; a plurality of
connecting patterns to connect side walls of adjacent first and
second word lines, the connecting patterns being electrically
coupled with the first and second word lines positioned at a
same level; and a plurality of string select lines coupled to
string select transistors on the first and second word line
structures, each of the string select lines surrounding at least
one pillar structure in the third direction and extending in the
second direction, and the pillar structures having a shape
separate from shapes of the first and second word line struc-
tures.

Also, the first and second word lines and the connecting
patterns are positioned at the same level correspond to word
line patterns, and the word line pattern in one layer is con-
nected with one contact plug and one connecting wiring elec-
trically coupled to the contact plug.

Also, the word line patterns are arranged in a block unitand
wherein the first and second word lines positioned in a block
region of the block unit are electrically connected. The con-
necting patterns at each layer face the first direction.

Also, a ground select transistor may include a ground select
line under the first and second word lines at a lowest layer.

Also, the first and second word lines extend to surround at
least one pillar structure in the third direction. The first and
second word lines may be wider than the string select line.
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The first and second word lines may have substantially a same
line width as the string select line. The connecting pattern
may include a same conductive material as the first and sec-
ond word lines.

Also, the conductive material comprises a barrier metal
material including a metal nitride and a metal material includ-
ing tungsten.

Also, a portion of the string select line facing the connect-
ing pattern in the first direction is wider than another portion
of' the string select line.

Also, a plurality of stacked layer structures, wherein each
stacked layer structure includes a tunnel insulating layer pat-
tern, a charge storing layer pattern, and a blocking layer
pattern arranged on a side wall of a corresponding one of the
pillar structures.

In accordance with another embodiment, a vertical type
semiconductor device includes a plurality of pillar structures
extending in a first direction, the pillar structures including a
channel pattern and being arranged in a second direction and
a third direction crossing the second direction; a word line
pattern including word lines and connecting patterns, the
word lines surrounding the pillar structures, extending in the
second direction, and being repeatedly arranged in parallel in
the third direction, the connecting patterns connecting side
walls of the word lines to electrically connect the word lines
repeatedly arranged in parallel to each other in the third
direction; and a plurality of string select lines coupled to
respective string select transistors, each of the string select
lines extending in a second direction and provided higher than
an uppermost word line pattern and surrounding one pillar
structure in the third direction, the string select lines have a
shape separate from the word line pattern.

Also, a plurality of the word line patterns are stacked and
spaced apart from each other in the first direction. One word
line pattern of one layer is provided with one contact plug and
a connecting wiring electrically coupled to the contact plug.

In accordance with another embodiment, a vertical type
semiconductor device includes a first word line, a second
word line, a connector to electrically connect the first word
line and the second word line to form a word line pattern; at
least one string select line over the word line pattern; and a
number of pillars to electrically connect the at least one string
select line to the first and second word lines of the word line
pattern, wherein the connector is substantially coplanar with
the first and second word lines.

Also, atleast two pillars pass through the first word line and
at least two pillars pass through the second word line. Alter-
natively, only one pillar passes through each of the first word
and the second word line.

Also, a plurality of the word line patterns may be included
in a stacked arrangement, wherein ends of the stacked word
line patterns are stepped in a predetermined direction. Widths
of each of the first word line and the second word line are
different from a width of the string select line.

BRIEF DESCRIPTION OF THE DRAWINGS

Features will become apparent to those of ordinary skill in
the art by describing in detail exemplary embodiments with
reference to the attached drawings in which:

FIG. 1 illustrates an embodiment of a vertical type memory
device;

FIGS. 2A and 2B illustrate sectional views of the device in
FIG. 1,

FIG. 3 illustrates string select lines (SSLs) and word lines
in FIG. 1;
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FIGS. 4A and 4B illustrate additional views of SSLs and
word lines in FIG. 1;

FIGS. 5 to 17 illustrate a method of manufacturing the
device in FIG. 1;

FIGS. 18 to 20 illustrate other methods of manufacturing
the device in FIG. 1;

FIG. 21 illustrates another embodiment of a vertical type
memory device;

FIG. 22 illustrates SSLs and word lines in the device in
FIG. 21,

FIGS. 23 to 26 illustrate a method of manufacturing the
device in FIG. 21; and

FIG. 27 illustrates an embodiment of an information pro-
cessing system.

DETAILED DESCRIPTION

Example embodiments are described more fully hereinat-
ter with reference to the accompanying drawings; however,
they may be embodied in different forms and should not be
construed as limited to the embodiments set forth herein.
Rather, these embodiments are provided so that this disclo-
sure will be thorough and complete, and will fully convey
exemplary implementations to those skilled in the art.

In the drawing figures, the dimensions of layers and
regions may be exaggerated for clarity of illustration. It will
also be understood that when a layer or element is referred to
as being “on” another layer or substrate, it can be directly on
the other layer or substrate, or intervening layers may also be
present. Further, it will be understood that when a layer is
referred to as being “under” another layer, it can be directly
under, and one or more intervening layers may also be
present. In addition, it will also be understood that when a
layer is referred to as being “between” two layers, it can be the
only layer between the two layers, or one or more intervening
layers may also be present. Like reference numerals refer to
like elements throughout.

In the drawings, a vertical direction with respect to an
upper surface of a substrate may be defined as a first direction,
and two directions in parallel to the upper surface of the
substrate while perpendicular to each other may be defined as
a second direction and a third direction, respectively. Also, in
one embodiment, the second direction may be an extended
direction of'a word line. In addition, the direction indicated by
arrows and the counter direction thereof in the drawings may
be regarded as the same direction. The definition on the direc-
tions may be the same through the drawings hereinafter.

First Embodiment

Referring to FIGS. 1 to 4B, an embodiment of a vertical
type memory device which includes pillar structures 130 that
extend in a first direction on a substrate 100. The substrate 100
may include a semiconductor material, for example, silicon
and germanium. The device may also include a first tunnel
insulating layer pattern, a first charge storing layer pattern,
and a first blocking layer pattern stacked sequentially sur-
rounding the pillar structures 130. The first tunnel insulating
layer pattern, the first charge storing layer pattern, and the first
blocking layer pattern are illustrated as one thin layer pattern
120.

A first word line structure 153qa including stacked first
word lines 152a surrounding the pillar structures 130, extend-
ing in the second direction and spaced apart from each other
in the first direction, may be provided. A second word line
structure 1535 separated from the first word line structure
153a in the third direction and adjacently disposed to the first
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4

word line structure 1534 may be provided. The second word
line structure 1535 may include stacked second word lines
1524 surrounding the pillar structures 130, extending in the
second direction and spaced apart from each other in the first
direction. A conductive connecting pattern 152¢ for connect-
ing the first and second word lines 152a and 1525 positioned
at the same level may be provided.

The word lines 152a and 1526 formed at the same level
may make an electric connection by the connecting pattern
152¢. The word lines and the connecting pattern formed at the
same level may be called as a word line pattern 157 and may
be explained as follows.

On the first and second word line structures 152a and 1525,
a string select line (SSL) 154 surrounding the pillar structures
130 and extending in the second direction may be included.
Wiring structures 160 and 162 may be included to indepen-
dently input/output electric signals to the first and second
word lines 152a and 1525 at each layer. In one embodiment,
the vertical type memory device may include a common
source line (CSL) and a bit line.

Each pillar structure 130 may include a cylindrical shape
channel pattern 122 extending from the substrate 100 in the
first direction, and an insulating pattern 124 filling up the
inner portion of the cylinder portion on the channel pattern. In
addition, a pad pattern 126 may be provided on the channel
pattern 122 and the insulating pattern 124. Thus, the pillar
structure 130 may have a pillar shape. The channel pattern
122 included in one pillar structure 130 may be provided as a
channel region of cell transistors and select transistors
included in one cell string. The channel pattern 122 may
include a semiconductor material.

A semiconductor pattern 116 contacting the substrate 100
and provided as the channel pattern of a ground select tran-
sistor may be further included at the bottom surface of the
pillar structure 130. The semiconductor pattern 116 may have
a pillar shape formed by using a semiconductor material.

Inexample embodiments, a plurality ofthe pillar structures
130 may be formed in parallel in the second direction and the
third direction. Hereinafter, the pillar structures 130 may be
classified into a first channel group and a second channel
group and may be explained as follows.

The first channel group may include at least one pillar
structure 130 in the third direction. The second channel group
may be disposed adjacent to the first channel group and may
include the same number of the pillar structures 130 as in the
first channel group in the third direction. The number of the
pillar structures 130 in the third direction, respectively
included in the first and second channel groups, may be the
same as the number of cell strings shared in the third direction
with respect to one word line. Particularly, when one word
line shares two pillar structures 130 in the third direction, as
illustrated in the drawings, two pillar structures 130 may be
included in the third direction in each of the first and second
channel groups.

The first tunnel insulating layer pattern, the first charge
storing layer pattern, and the first blocking layer pattern may
be respectively provided on the outer wall of the pillar struc-
ture 130.

In example embodiments, the first tunnel insulating layer
pattern may include an oxide such as silicon oxide. The first
charge storing layer pattern may include a nitride such as
silicon nitride. In addition, the first blocking layer pattern
may include an oxide such as silicon oxide. The first blocking
layer pattern may include a metal oxide having higher dielec-
tric constant than the silicon oxide. Examples of the metal
oxides that may be used may include aluminum oxide,
hafnium oxide, lanthanum oxide, lanthanum aluminum
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oxide, lanthanum hafnium oxide, hatnium aluminum oxide,
titanium oxide, tantalum oxide, zirconium oxide, etc. These
compounds may be used alone or as a stacked structure of two
or more.

The first word lines 1524 included in the first word line
structures 153a may be supported by the pillar structures 130
and may have an extended shape in the second direction. The
first word lines 152a may extend in the third direction while
surrounding a plurality of the pillar structures 130. In an
example embodiment, as illustrated in FIG. 1, the first word
lines 152a may extend while surrounding two pillar structures
130 in the third direction. That is, the first word lines may
extend while surrounding the pillar structures 130 included in
the first channel group. First insulating layer patterns 106 may
be provided between the first word lines 1524 at the first to
n-th layers in the first direction included in the first word line
structure 153a.

The second word lines 1525 included in the second word
line structures 153a may be supported by the outer wall of the
pillar structures 130 and have an extended shape. The second
word lines 1525 may extend in the second direction while
surrounding a plurality of the pillar structures 130 in the third
direction. In an example embodiment, as illustrated in the
drawing, the second word lines 1526 may extend while sur-
rounding two pillar structures in the third direction. That is,
the second word lines 1525 may extend while surrounding the
pillar structures 130 included in the second channel group.
First insulating layer patterns 106 may be provided between
the second word lines 1525 of the first to n-th layers included
in the second word line structure in the first direction.

The connecting pattern 152¢ may be provided between the
first and second word line structures 153a and 1535, and may
connect the side walls of the first and second word lines 1524
and 1525 at the same level. That is, the first word line 1524,
the second word line 1525 and the connecting pattern 152¢
formed at the same level may be formed as one word line
pattern 157. When referring to the plan view in FIG. 4B, the
word line pattern 157 formed at each layer may have an
H-shape.

Between the connecting patterns 152¢ in the first direction,
a first insulating layer pattern 106 may be provided. In addi-
tion, between the first and second word line structures 153a
and 15354 in the third direction, a fifth insulating layer pattern
may be provided.

The connecting patterns 152¢, and the first and second
word lines 1524 and 1525 may include the same conductive
material. The word line pattern 157 provided at the same level
may be one body. As described above, the first and second
word lines 152a and 1524, and the connecting patterns 152¢
may be provided in the gap portions between the first insu-
lating layer patterns.

The connecting patterns, the first word line, and the second
word line 1524, 1525 and 152¢ may include a barrier metal
layer and a metal layer. The barrier metal layer may be pro-
vided along the inner wall of the gap. In addition, the metal
layer may be provided on the surface of the barrier metal layer
and may have a shape filling up the inner portion of the gap.

As illustrated in FIG. 3, at each layer, the first word line
152a may include at least one first barrier metal layer 151a
and a first metal layer 1515, which contacts the first barrier
metal layer 151a. In one embodiment, the first barrier metal
layer may be provided on upper and lower surfaces of the first
word line 152a and on the side wall of the pillar structure 130.

Also, at each layer, the second word line 1525 may include
at least one second barrier metal layer 151¢ and a second
metal layer 1514 contacting the second barrier metal layer
151c¢. The second barrier metal layer 151¢ may be provided
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on upper and lower surfaces of the second word line 1525 and
on the side wall of the pillar structure 130. Also, at each layer,
the connecting pattern 152¢ may include a third barrier metal
layer 1524 and a third metal layer 151e contacting the third
barrier metal layer 1514 on the upper and lower surfaces of
the connecting pattern 152c.

Examples of materials that may be used as the first to third
barrier metal layers 151a, 151¢, and 1524 may include tita-
nium, titanium nitride, tantalum and tantalum nitride. These
materials may be used alone or as a stacked structure of two or
more. Examples of a material that may be used as the first to
third metal layers 1515, 151d, and 151e may include tung-
sten. Alternatively, the connecting patterns 152¢ and the first
and second word lines 152a and 1525 may include polysili-
con.

As illustrated in the drawings, the first and second word
line structures 153a and 1535 may be alternately disposed in
the third direction. For example, in one embodiment, the first
word line structures 153a may be provided at even rows, and
the second word line structures 1535 may be provided at odd
rOws.

A plurality of the first and second word line structures 153a
and 1535 may be provided in one cell block. The connecting
pattern 152¢ may have a shape connecting the first and second
word lines 152a and 1525 included in one cell block. Thus, as
illustrated in FIG. 4B, the word lines positioned at the border
portion of the cell block, which may be an edge of the cell
block, may not make an electric connection to each other by
the connecting pattern.

On the first and second word line structures 1534 and 1535,
string select lines 154 may be provided, respectively. The
string select lines 154 may have a line shape extending in the
second direction. At least one string select transistor may be
required to be provided for one cell string and may not be
shared in the third direction. Thus, the string select lines 154
may have an extended shape while surrounding one pillar
structure 130 in the third direction.

One or more string select lines may be provided on one
word line structure. For example, the first word lines 152a
included in the first word line structure 1534 may have an
extended shape while surrounding two pillar structures in the
third direction. Thus, two string select lines may be provided
on the first word line structure 1534.

The string select lines 154 neighboring in the third direc-
tion may be required to be electrically disconnected from
each other. Thus, the connecting pattern 152¢ may not be
provided between the string select lines 154. Meanwhile, on
a portion of the side wall of the string select line 154, a
protruded portion A to a side portion may be included, as
shown, for example, in FIGS. 3 and 4A. The protruded por-
tion A may be formed, for example, by cutting the connecting
pattern 152¢ portion formed while manufacturing the string
select lines 154. Thus, the protruded portion A may be posi-
tioned at a portion for forming the connecting patterns 152¢.
An isolated layer pattern 136 may be provided between the
string select lines 154.

A ground select transistor may be provided under the first
and second word line structures 153a and 1534. Thus, a
conductive pattern under the first and second word line struc-
tures 153a and 1535 may be provided as a ground select line
(GSL)150. The GSL 150 may have the same shape as the first
and second word lines 152a and 1525. Also, the SSL 154 and
the GSL 150 may be formed as one layer or more layers.

An independent electric signal may be applied into the first
and second word lines 152a and 1525 at each layer included
in the first and second word line structures 1534 and 1534.
Thus, in one embodiment, the edge portion of the first and
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second word lines 1524 and 1526 at each layer may be pro-
vided as a pad region for wire connection.

The first word line positioned at the lower layer in the first
word line structure 153a may have a long shape in the second
direction. The length in the second direction of the first word
line may become less approaching the upper layer. That is, the
first word lines 1524 included in the first word line structure
153a may have a step shape in an edge portion. The second
word lines 1524 included in the second word line structure
1534 also may have the same shape as the first word lines
152a. That is, the second word lines 15254 included in the
second word line structure 1535 may have the step shape in an
edge portion.

Also, insulating interlayers 112 and 132 covering the first
and second word line structures 153a and 1535 may be pro-
vided.

The wiring structure may independently input and output
electrical signals into the first and second word lines 1524 and
1526 at each layer, and may include contact plugs 160 and
wiring lines 162. The contact plugs 160 may have a shape
contacting at least one of the word lines 152a and 1525 ateach
layer. The contact plugs 160 may contact the upper surface of
the first or second word line 152a or 1526 at each layer
through the insulating interlayers 112 and 132.

The first and second word lines 152a and 15254, at the same
level in one cell block, may make an electrical connection by
the connecting pattern 152¢. Thus, the contact plugs 160 may
contact one word line among the first and second word lines
152a and 1525 positioned at the same level. That is, only one
contact plug 160 may be provided for the word lines 1524 and
15254 at one layer provided in one cell block. As illustrated in
the drawings, when six layers of the word lines are provided
for the first and second word line structures, six contact plugs
may be provided in one cell block.

As described above, since the contact plugs may not be
provided at both of the first and second word lines 1524 and
1524, the number of the contact plugs may be substantially
decreased.

The wiring line 162 may be respectively connected with
the upper surface of the contact plugs 160. Through the wiring
line 162, electric signals are required to be independently
applied to the word lines 152a and 1525 at each layer. Thus,
in one embodiment, one wiring line 162 may be connected
with respect to one contact plug 160; that is, there may be a
one-to-one correspondence between the wiring lines 162 and
the contact plugs 160.

As described above, in example embodiments, at each
layer, the word lines 152a and 1525 may be electrically con-
nected by the connecting pattern 152. Thus, additional wir-
ings for connecting the word lines 152a and 15254 at each
layer may not be necessary. Thus, the connecting wirings may
be simplified.

At the upper portion of the substrate 100 between the first
and second word line structures 153a and 1535, an impurity
region may extend in the third direction and function as a
common source line (CSL). A number of layers may be
formed on the impurity region, including but not limited to
one or more of a metal silicide pattern such as a cobalt silicide
pattern or a nickel silicide pattern.

A bit line may electrically connect to the pad pattern 126
through a bit line contact. The bit line may be formed, for
example, from a metal, a metal nitride, doped polysilicon, etc.
In example embodiments, the bit line may have an extended
shape in the third direction.

As described above, in example embodiments, the word
lines formed at the same level may be connected by the
connecting pattern for connecting adjacent word lines. Thus,
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the word lines in block units may electrically connect to each
other by one or more of the connecting patterns. As a result,
the contact plug and wiring line for connecting the word lines
at each layer may be simplified.

FIGS. 5 to 17 illustrate perspective views, cross-sectional
views, and plan views illustrated for explaining one embodi-
ment of a method of manufacturing the vertical type memory
device in FIG. 1.

Referring to FIG. 5, a first insulating layer 102 and a
sacrificial layer 104 may be alternately and repeatedly
stacked on a substrate 100. Thus, a plurality of the first insu-
lating layers 102 and a plurality of the sacrificial layers 104
may be alternately stacked in the first direction. The substrate
100 may include a semiconductor material such as silicon,
germanium, etc.

In accordance with example embodiments, the first insu-
lating layers 102 and the sacrificial layers 104 may be formed
through a chemical vapor deposition (CVD) process, a
plasma enhanced chemical vapor deposition (PECVD) pro-
cess, an atomic layer deposition (ALD) process, etc. In accor-
dance with example embodiments, the first insulating layers
102 may be formed by using silicon oxide, and the sacrificial
layers 104 may be formed by using a material having an
etching selectivity with respect to the first insulating layer
102, for example, silicon nitride.

The stacking number of the first insulating layer 102 and
the sacrificial layer 104 may vary according to the stacking
number of the GSL, the word lines and the SSL formed in a
following process. For the convenience of explanation, each
of the GSL and the SSL, respectively may be formed as one
layer. However, two or more of the GSL or the SSL. may be
formed, respectively. For illustrative purposes, six layers of
the word lines are formed in the drawings. In one embodi-
ment, 2n (n is a natural number of 1 or over) layers of the word
lines may be formed. Thus, the stacking number of the first
insulating layer 102 and the sacrificial layer 104 may not be
limited to the number of the illustrated layers.

Referring to FIG. 6, a portion of the first insulating layers
102 and the sacrificial layers 104 may be etched to form a step
shape pattern structure 110 having a step shape edge portion.
The step shape pattern structure 110 may have a stacked shape
of first insulating layer patterns 106 and sacrificial layer pat-
terns 108. In the step shape pattern structure 110, the first
insulating layer pattern 106 and the sacrificial layer pattern
108 positioned at the lower portion may have long lengths in
the second direction. The lengths in the second direction of
the first insulating layer patterns 106 and the sacrificial layer
patterns 108 may be decreased toward the upper layer in the
second direction. In the step shape pattern structure 110, one
layer of the sacrificial layer pattern 106 and one layer of the
first insulating layer pattern 106 may be stacked to form one
layer having the step shape.

The step pattern structure 110 may be formed through
performing a number of photolithography processes. The step
forming portions at the edge portion of the step pattern struc-
ture 110 may be provided as connecting regions for forming
connecting wirings.

A second insulating layer 112 covering the step pattern
structure 110 may be formed. Then, the upper surface of the
second insulating layer 112 may be planarized so as to expose
the upper surface of the step pattern structure 110. The pla-
narization process may include a chemical mechanical pol-
ishing process.

FIG. 8 illustrates a cross-sectional view taken along a pillar
structure portion in the third direction in FIG. 7. Referring to
FIGS. 7 and 8, a plurality of channel holes 114 exposing the
upper surface of the substrate 100 through penetrating the
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second insulating layer 112, the first insulating layer patterns
106 and the sacrificial layer patterns 108 may be formed.

The channel holes 114 may be formed by forming a hard
mask on the uppermost first insulating layer pattern 106, and
performing a dry etching process using the hard mask as an
etching mask. Thus, each of the channel holes 114 may be
formed so as to be extended in the first direction. Due to the
properties of the dry etching process, each of the holes 114
may be formed to have gradually narrowed width toward the
lower portion. The channel holes 114 may be disposed in a
row along the second and third directions in plurality.

A semiconductor pattern 116 partially filling up the lower
portion of the channel hole 114 may be formed. Particularly,
the semiconductor pattern 116 partially filling up the channel
hole 114 may be formed by performing a selective epitaxial
growth (SEG) process using the upper surface of the exposed
substrate 100 by the channel hole 114 as a seed. Thus, the
semiconductor pattern 116 may be formed so as to include
single crystalline silicon or single crystalline germanium
according to the material of the substrate 100.

In some embodiments, impurities may be doped into the
semiconductor pattern 116. Also, in example embodiments,
the semiconductor pattern 116 may be provided as a channel
region of a ground select transistor (GST) in a following
process. Thus, the upper surface of the semiconductor pattern
116 may be positioned between a layer including the GSL and
alayer including the word line. However, the forming process
of'the semiconductor pattern 116 may be omitted to simplify
the process.

Subsequently, a first blocking layer (not illustrated), a first
charge storing layer, a first tunnel insulating layer, and a first
channel layer may be formed one by one on the inner side wall
of the channel holes 114, on the upper surface of the semi-
conductor pattern 116 and on the upper surface of the hard
mask. The first blocking layer may be formed by using an
oxide such as silicon oxide, the first charge storing layer may
be formed by using a nitride such as silicon nitride, and the
first tunnel insulating layer may be formed by using an oxide
such as silicon oxide. The first channel layer may be formed
by using impurity doped or undoped polysilicon or amor-
phous silicon. When the first channel layer is formed by using
the amorphous silicon, an LEG process or an SPE process
may be additionally performed in a following process to
transform the amorphous silicon into crystalline silicon.

The bottom portions of the first channel layer, the first
tunnel insulating layer, the first charge storing layer and the
first blocking layer may be partially removed to expose the
upper portion of the semiconductor pattern 116. Through
performing the above processes, a first channel layer pattern,
a first tunnel insulating layer pattern, a first charge storing
layer pattern and a first blocking layer pattern may be formed
on the side wall of the channel hole. In FIG. 8, the first tunnel
insulating layer pattern, the first charge storing layer pattern
and the first blocking layer pattern are illustrated as one thin
layer pattern 120.

On the first channel layer pattern, a second channel layer
may be formed. On the second channel layer, a third insulat-
ing layer filling up the inner portion of the channel hole may
be formed and then, planarized. Through the planarization
process, a channel pattern 122 of a stacked structure of the
first and second channel layers may be formed. In addition, a
third insulating layer pattern 124 filling up the inner portion of
the channel hole may be formed.

The upper portions of the thin layer pattern 120, the chan-
nel pattern 122 and the third insulating layer pattern 124 may
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be partially removed to form a recessed portion. Then, a
conductive material may be formed in the recess portion to
form a pad pattern 126.

Through performing the above-described processes, a pil-
lar structure 130 including the channel pattern 122, the third
insulating layer pattern 124 and the pad pattern 126 may be
formed in the channel hole 114. In addition, the thin layer
pattern 120 including the tunnel insulating layer pattern, the
charge storing layer pattern and the first blocking layer pat-
tern may be formed on the side wall of the pillar structure 130.

The pillar structures 130 may be provided as channel
regions of cell strings. Since one cell string may be provided
with one pillar structure 130, the arrangement of the pillar
structures 130 may be the same as the arrangement of the cell
strings.

In accordance with example embodiments, one word line
extended in the second direction may share two or more cell
strings in the third direction. Hereinafter, the pillar structure
130 may be explained after classifying into a first channel
group and a second channel group according the cell string
shared by one word line in the third direction.

The first channel group may include at least one pillar
structure 130 in the third direction and may be extended in the
second direction. The second channel group may be disposed
adjacent to the first channel group in the third direction, and
may include the same number of the pillar structures as the
number of the first channel groups in the third direction. Thus,
the first channel group and the second channel group may be
repeatedly disposed. Hereinafter, the first and second channel
groups respectively including two pillar structures in the third
direction will be explained.

FIG. 9 illustrates a perspective view illustrating an etched
portion by a first etching process according to a following
explanation. FIG. 10 illustrates a perspective view only illus-
trating a step pattern structure portion after performing the
first etching process. FIG. 11A illustrates a plan view of an
exposing mask (reticle) used in the first etching process.

Referring to FIGS. 9 to 11A, a fourth insulating layer 132
may be formed on the step pattern structure 110. The fourth
insulating layer 132, the first insulating layer pattern 106 and
the sacrificial layer pattern 108 may be partially and firstly
etched to form first and second trenches 134a and 1345 for
forming an SSL.

As illustrated in FIG. 11A, during performing the first
etching process, an exposing mask including an exposing
pattern 10 extended in the second direction may be used. The
pattern formed portion of the exposing pattern 10 may
become a portion to be etched. Thus, the first and second
trenches 134a and 1345 may have a line shape extended in the
second direction. The first and second trenches 134a and
1345 may be formed so as to penetrate the sacrificial layer
pattern 108/ and the first insulating layer patterns 106/ and
106 of a layer for forming the SSL.

Particularly, when the SSL is formed as the uppermost one
layer, the uppermost sacrificial layer pattern 108/ and one of
the first insulating layer patterns 106/ and 106: positioned at
the upper and lower portions of the sacrificial layer pattern
108/ may be partially removed to form the first and second
trenches 134a and 1345, as illustrated in the drawings.

The first trench 134a may be a trench provided in the first
and second channel groups, and the second trench 1345 may
be a trench provided between the first and second channel
groups.

As described above, one word line may share a plurality of
cell strings in the third direction. That is, a plurality of pillar
structures 130 sharing the word line in the third direction may
be included in the first and second channel groups. Since the
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SSL may not share the pillar structures 130 in the third direc-
tion, one SSL line per one pillar structure 130 may be pro-
vided in the third direction. Thus, the first insulating layer
patterns 106/ and 106i, and the sacrificial layer pattern 108/
atthe portion for forming the SSL may be additionally etched,
so that the first insulating layer patterns 106/ and 106/ and the
sacrificial layer pattern 108/ may have a line shape surround-
ing one of the pillar structures 130 in the third direction. As
illustrated in the drawings, when two pillar structures 130 are
included in the first and second channel groups along the third
direction, the first trench 134a may be formed between two
pillar structures included in the first and second channel
groups.

As illustrated in FIG. 1, the first word line included in the
first channel group and the second word line included in the
second channel group may connected with a connecting pat-
tern. However, the SSL. may not share the pillar structures 130
in the third direction as the underlying first and second word
lines. Thus, the SSLs positioned between the first and second
channel groups may be separated. Accordingly, a portion
disposed between the first and second channel groups of the
first insulating layer patterns 106/ and 106 and the sacrificial
layer pattern 108 for forming the SSL. may be required to be
etched in advance. As illustrated in the drawings, the second
trench 13456 may be formed at the portions of the first insu-
lating layer patterns 106/ and 106; and the sacrificial layer
pattern 108/ between the first and second channel groups.

Referring to FIG. 12, after forming an insulating layer
which sufficiently fills up the first and second trenches 134a
and 1345, a planarization process may be performed to
expose the upper surface of the step pattern structure.
Through the above-described processes, an insulating layer
pattern 136 may be formed in the first and second trenches
134a and 134b. The insulating layer pattern 136 may be
formed by using a material having an etching selectivity with
respect to the sacrificial layer patterns 108 including an oxide
such as silicon oxide. In addition, the planarization process
may include a chemical mechanical polishing (CMP) process
and/or an etch back process.

In accordance with example embodiments, the forming
process of the first and second trenches 134a and 1345 and the
forming process of the insulating layer pattern 136 may be
conducted prior to the forming process of the channel hole
114. That is, after forming the step pattern structure as
explained referring to FIG. 7, the first and second trenches
134a and 1345 and the insulating layer pattern 136 may be
formed. Then, the forming process of the channel hole 114 to
be explained referring to FIG. 8 in a following process may be
performed.

FIG. 11B illustrates a plan view of an exposing mask
(reticle) used in a second etching process to be explained
hereinafter. FIG. 12 illustrates a perspective view of an etched
portion after performing the second etching process. FIG. 13
illustrates a perspective view illustrating a step pattern struc-
ture portion after performing the second etching process.
FIG. 14 illustrates a perspective view illustrating a sacrificial
layer pattern after performing the second etching process.

Referring to FIGS. 11B to 14, a first opening portion 138
exposing the upper surface of the substrate 100 may be
formed by partially etching the fourth insulating layer 132,
the step pattern structure 110 and the second insulating layer
112. Through forming the first opening portion 138, the step
pattern structure 110 may become a mold structure for form-
ing word lines and connecting patterns. In accordance with
example embodiments, the first opening 138 may be formed
by forming a hard mask on the uppermost first insulating layer
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pattern 106, and performing a dry etching process using the
hard mask as an etching mask.

As illustrated in FIG. 11B, an exposing mask having an
exposing pattern 12 having a hole shape extended in the
second direction may be used in the second etching process.
The pattern formed portion of the exposing pattern 12 may
become a portion to be etched. In addition, the portion to be
etched during the second etching process may overlap the
portion for forming the second trench 1344.

As described above, the first opening portion 138 may have
a hole shape extended lengthwise in the second direction.
Since a plurality of the holes may be provided in the second
direction, the first insulating layer pattern 106 and the sacri-
ficial layer pattern 108 may not be removed, but may remain
between the holes in the second direction.

The first insulating layer patterns 106/~ and 106; and the
sacrificial layer pattern 108/ for forming the SSL. may have a
respectively separated line pattern shape surrounding one
pillar structure in the third direction. Besides, the first insu-
lating layer patterns 1064 to 106g and the sacrificial layer
patterns 108a to 108g for forming the word line and the GSL
may have a line pattern shape surrounding two pillar struc-
tures in the third direction, and the line pattern may have a
connected shape at a portion.

As illustrated in FIG. 14, the first insulating layer patterns
106a to 106g and the sacrificial layer patterns 1084 to 108g to
be formed as the word line and the GSL may include a first
stacking structure 140a, a second stacking structure 1406 and
a connecting structure 140c¢ for connecting the first stacking
structure 140a and the second stacking structure 1405. The
first stacking structure 140a may have a line shape extended
in the second direction while surrounding the pillar structures
130 of the first channel group. The second stacking structure
1405 may have a line shape extended in the second direction
while surrounding the pillar structure 130 of the second chan-
nel group. The connecting structure 140¢ may have a shape
for connecting the side portions of the first and second stack-
ing structures 140a and 1404.

From the plan view, the first stacking structure 140a, the
second stacking structure 14056 and the connecting structure
140¢ may have an H-shape, similar to the plan view illustrated
in FIG. 4B. On the outer side wall of the first insulating layer
pattern 106 and the sacrificial layer pattern 108 positioned at
the edge portion of the cell block region, the connecting
structure 140¢ may not be provided.

FIGS. 15, 16A and 16B illustrate cross-sectional views
illustrating a method of replacing the sacrificial layer patterns
with first and second word lines, SSL. and GSL through a
replacement process. FIG. 16A illustrates a cross-sectional
view on a portion for forming a connecting pattern, and FI1G.
168 illustrates a cross-sectional view on a portion excluding
the connecting pattern.

Referring to FIG. 15, gaps 142 may be formed between the
first insulating layer patterns 106« at each layer by removing
the sacrificial layer patterns 108a. A portion of the outer wall
of'the first blocking layer pattern and a portion of the side wall
of'the semiconductor pattern 116 may be exposed by the gap
142.

Referring to FIGS. 16 A and 16B, a second blocking layer
may be formed on the exposed surface of the gap 142. Then,
a barrier metal layer may be formed on the second blocking
layer. A metal layer filling up the inner portion of the barrier
metal layer may be formed. In accordance with example
embodiments, the second blocking layer may be formed by
using a metal oxide such as aluminum oxide, hafnium oxide,
lanthanum oxide, lanthanum aluminum oxide, lanthanum
hafnium oxide, hafnium aluminum oxide, titanium oxide,
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tantalum oxide, zirconium oxide, etc. However, the second
blocking layer may not be formed.

The barrier metal layer may be formed by using titanium,
titanium nitride, tantalum, tantalum nitride, etc. These com-
pounds may be used alone or as a stacked structure of two or
more. The barrier metal layer may be formed along the sur-
face profile of the gap 142. The gap 142 may be incompletely
filled up with the barrier metal layer.

The metal layer may be formed by using a metal having a
low electric resistance such as tungsten. The metal layer may
include, for example, tungsten.

The metal layer may be partially removed so as to remain
the metal layer only in the gap 142. That is, the metal layer
formed in the first opening portion 138 may be removed. The
removing process may include a wet etching process.
Through performing the removing process, the sacrificial
layer formed portion may be replaced with a conductive layer
pattern including the barrier metal layer pattern and the metal
pattern. The conductive layer pattern may be provided as an
SSL 154, first and second word lines 1524 and 1525, a con-
necting pattern 152¢ and a GSL 150 according to the posi-
tions. Through the removing process, the previously formed
first opening portion 138 may be formed again.

That is, the conductive layer pattern formed at the upper-
most sacrificial layer pattern 108 may become the SSL. 154.
The conductive layer pattern formed at the sacrificial layer
pattern 108 portion of the first stacking structure 140a may
become the first word line 1524 and the GSL 150. The con-
ductive layer pattern at the sacrificial layer pattern 108 por-
tion of the second stacking structure 1405 may become the
second word line 15256 and the GSL 150. The conductive
layer pattern at the sacrificial layer pattern 108 portion
included in the connecting structure 140¢ may become the
connecting pattern 152c.

Through performing the above-described processes, as
illustrated in FIGS. 3 and 4B, first and second word line
structures 1534 and 1535 and the connecting pattern 152¢
may be formed. On the first and second word line structures
153a and 1535, the SSL 154 may be formed. As illustrated in
FIG. 3, an extruded portion may be formed at the side portion
of'the SSL 154. Since the SSL 154 may be formed by cutting
the upper portion of the portion for forming the connecting
pattern 152¢, both sides of the cut portion may have extruded
shapes.

The word lines formed at the same level may have an
electrically connected shape by the connecting pattern. Each
of the word line patterns 157 formed at the same level may
include word lines extended in the second direction and
repeatedly disposed in parallel to each other in the third
direction, and connecting patterns for connecting the side
walls of the word lines so as to make an electric connection of
the word lines repeatedly disposed in parallel to each other in
the third direction. The word line pattern 157 may have a
stacked shape of a plurality of layers separated from each
other in the first direction.

Impurities may be doped into the upper portion of the
substrate 100 exposed through the bottom surface of the first
opening portion 138 to form an impurity region. Also, metal
silicide pattern may be formed in the impurity region.

A fifth insulating layer pattern 156 filling up the first open-
ing portion 138 may be formed. In order to form the fifth
insulating layer pattern 156, an insulating layer filling up the
inner portion of the first opening portion 138 may be formed,
and the insulating layer may be planarized until the upper
surface of the uppermost fourth insulating layer may be
exposed. Inaccordance with other example embodiments, the
fifth insulating layer pattern having an inner spacer shape may
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be formed on the side wall of the first opening portion 138,
and a common source conductive pattern filling up the first
opening portion 138 may be formed on the fifth insulating
layer pattern.

Referring to FIG. 17, a sixth insulating layer may be
formed on the fourth insulating layer and the fifth insulating
layer pattern 156. Through etching the sixth insulating layer,
the fourth insulating layer and the second insulating layer,
contact holes 158 exposing the word lines at each layer having
a step shape may be formed.

As illustrated in FIG. 4B, the first and second word lines
152a and 1526 positioned at the same layer may have an
electrically connected state by the connecting pattern 152¢ by
the cell block unit. Thus, the word lines positioned at the same
layer in the cell block may be connected with one contact
plug. Accordingly, each of the contact holes 158 may expose
the upper surface of one of the word lines positioned at the
same layer in the cell block. In addition, in the cell block, the
same number of contact holes 158 as the number of the layers
of the word lines formed in the cell block may be formed.

A conductive layer may be formed in the contact holes 158,
and the conductive layer may be planarized to form a contact
plug 160. The conductive layer may include a metal. The
conductive layer may include a barrier metal layer and a metal
layer. The barrier metal layer may include, for example, tita-
nium, titanium nitride, tantalum, tantalum nitride, etc. These
compounds may be used alone or as a stacked structure of two
or more. The metal layer may include, for example, tungsten.

As described above, since all of the first and second word
lines 152a and 1526 may not be provided with the contact
plug, the number of the contact plugs may be largely
decreased.

Referring to FIG. 1 again, a wiring line may be formed on
the contact plug 160. The wiring line may become a pattern
for respectively applying an electric signal to the contact plug
160. Thus, one wiring line 162 may be connected to one
contact plug 160.

As described above, the first and second word lines
included in the vertical type memory device may have a
connected shape in the cell block unit based on the connecting
pattern. Thus, additional wiring for connecting the first and
second word lines in the cell block unit is not necessary. Thus,
the wiring in the vertical type memory device may be simpli-
fied.

FIGS. 18 to 20 illustrate perspective views and a plan view
corresponding to other embodiments of methods of manufac-
turing the vertical type memory device in FIG. 1. The method
of manufacturing the vertical type memory device as
explained hereinafter may be the same as the explanation
referring to FIGS. 5 to 17 except for the portion to be etched
through the first etching process for forming an SSL.

First, the processes explained referring to FIGS. 5 to 8 may
be performed to form the structure illustrated in FIG. 8.

FIG. 18 illustrates a perspective view illustrating a portion
to be etched using a first etching process to be explained
hereinafter. FIG. 19 illustrates a perspective view illustrating
a step pattern structure portion after performing the first etch-
ing process. FIG. 20 is a plan view of an exposing mask
(reticle) used in the first etching process.

Referring to FIGS. 18 to 20, a fourth insulating layer 132
may be formed on the step pattern structure. The fourth insu-
lating layer 132, the first insulating layer pattern 106 and the
sacrificial layer pattern 108 may be partially and firstly etched
to form a first trench 234a and a first hole 2345 for forming an
SSL.

As illustrated in FIG. 20, in the first etching process, an
exposing mask including a first exposing pattern 20a having
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a line shape extended in the second direction and a second
exposing pattern 205 having a hole shape between the lines
may be used. The first and second exposing pattern portions
may be portions to be etched by the etching process. Thus, the
first trench 234a may have a line shape extended in the second
direction.

The first hole 2345 may be disposed between the first
trenches 234a. The first trench 234a and the first hole 2345
may be formed at a layer for forming the SSL so as to pen-
etrate the sacrificial layer pattern 108/ and the first insulating
layer patterns 106/ and 106i. Particularly, when the SSL is
formed as the uppermost one layer as illustrated in the draw-
ings, the uppermost sacrificial layer pattern 108/ and one of
the first insulating layer patterns 106/ and 106: positioned at
the upper and lower portions of the sacrificial layer pattern
108/ may be partially removed to form the first trench 234a
and the first hole 2345.

The first trench 234a may be provided in each channel
group, and the first hole 2345 may be provided between the
channel groups.

Also, as illustrated in the drawings, when two pillar struc-
tures 130 are respectively included in the first and second
channel groups in the third direction, the first trench 234a
may be formed between two pillar structures included in the
first and second channel groups. The first hole 2345 may be
positioned so as to face a portion for forming connecting
patterns in a following process in the first direction.

Then, an insulating layer sufficiently filling up the first
trench and the first hole 2344 and 2345 may be formed, and a
planarizing process may be performed to expose the upper
surface of the step pattern structure 110. Through the above-
described processes, an insulating layer pattern 136 may be
formed in the first trench and the first hole 234a and 23454.

In accordance with example embodiments, the forming
process of'the first trench and the firsthole 234 and 2345, and
the forming process of the insulating layer pattern 136 may be
performed prior to the forming process of the channel hole
114. That is, after forming the step pattern structure 110 as
described in FIG. 7, the first trench and the first hole 2344 and
234b, and the insulating layer pattern 136 may be formed.
After that, the forming process of the channel hole 114 as
explained in FIG. 8 may be performed.

Then, a second etching process may be performed by the
same method as explained referring to FIGS. 11B to 14. The
exposing mask used in the second etching process may be the
same as that illustrated in FIG. 11B.

Through performing the second etching process, the same
structure as that explained referring to FIGS. 12 to 14 may be
formed. Then, the same subsequent processes may be per-
formed as those explained referring to FIGS. 15to 17 to form
the vertical type semiconductor device illustrated in FIG. 1.

Second Embodiment

FIG. 21 illustrates another embodiment of a vertical type
memory device, and FIG. 22 illustrates SSLs and word lines
in the device in FIG. 21. The vertical type memory device
explained hereinafter may be the same as the vertical type
memory device in the first embodiment, except that the word
line may have a shape surrounding one pillar structure in the
third direction. Also, in this example embodiment, the word
line may have a shape which is not shared by multiple pillar
structures in the third direction.

Referring to FIGS. 21 and 22, word lines 252 and connect-
ing patterns 254 may be provided. The word lines 252 may be
supported by the pillar structures 130 and may have an
extended shape in the second direction. The word lines 252
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may be extended while surrounding one of the pillar struc-
tures 130 in the third direction.

The connecting pattern 254 may be provided between
neighboring word lines 252 in the third direction and may
connect with the side walls of the neighboring word lines 252
at a same level. The word lines 252 at the same level may be
electrically connected by the connecting pattern 254. The
word lines and the connecting pattern at the same layer may
be referred to as a word line pattern 157 and will be explained
in greater detail below. At each layer, the word line pattern
may have an H-shape from a plan point of view.

A first insulating layer pattern 106 may be provided
between the connecting patterns 254 in the first direction. In
addition, a fifth insulating layer pattern may be provided at a
portion between the word lines in the third direction. The
connecting pattern 254 and the word lines 252 may include
the same conductive material. Also, the connecting pattern
254 and the word lines 252 provided at the same layer may be
one body.

As in the first embodiment, each of the connecting patterns
and word lines may include a barrier metal layer and a metal
layer. Referring to FIG. 22, the word lines 252 at respective
layers may include first barrier metal layers 2514 and a first
metal layer 2515 which contacts the first barrier metal layer
251a on the upper and lower surfaces of the word line 252 and
on the side wall of the pillar structure 130. Also, at each layer,
the connecting pattern 254 may include a second barrier
metal layer 251¢, and a second metal layer 2514 which con-
tact the second barrier metal layer 251¢ on the upper and
lower surfaces of the connecting pattern 254.

In addition, a plurality of word lines 252 may be provided
in one cell block in the third direction. The connecting pattern
254 may connect the word lines 252 in one cell block in the
third direction. Thus, the word lines 252 positioned at the
boundary portion of the cell block, which may be an edge
portion of the cell block, may be disconnected from each
other by the connecting pattern 252. That is, one of the word
line patterns 257 may be positioned in one cell block.

String select lines 154 may be provided on the uppermost
word lines 252. The string select lines 154 may have a line
shape extended in the second direction. As illustrated in the
drawings, the word lines may be extended while surrounding
one of the pillar structures 130 in the third direction, and may
not share the pillar structures 130. Thus, the string select lines
154 may have substantially the same shape as the word lines
252. In addition, the string select lines 154 may face each of
the word lines 252 in the first direction.

Since the string select lines 154 may be provided to be
electrically separated in the third direction, the connecting
pattern 254 may not be formed at the string select line 154.
Since the connecting pattern 254 may not be provided
between the string select lines, the neighboring string select
lines in the third direction may have a separate shape.

A ground select transistor may be provided under the low-
est word line 252. Thus, the conductive pattern under the
lowest word line 252 may be provided as a ground select line
(GSL) 250.

In the vertical type memory device in accordance with
example embodiments, word lines at respective layers may be
connected by a connecting pattern in a cell block unit. Thus,
an additional wiring for connecting the word lines may not be
necessary. Thus, the wiring in the vertical type memory
device may be simplified.

FIGS. 23 to 26 illustrate an embodiment of a method of
manufacturing the vertical type memory device illustrated in
FIG. 21. First, the processes explained referring to FIGS. 5 to
8 may be performed to form the structure illustrated in FI1G. 8.
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FIG. 23 illustrates a perspective view illustrating a portion
to be etched using a first etching process to be explained
hereinafter. F1G. 24 illustrates a perspective view illustrating
a step pattern structure portion after perfoiining the first etch-
ing process.

Referring to FIGS. 23 and 24, a fourth insulating layer may
be formed on the step pattern structure. The fourth insulating
layer 132, the first insulating layer patterns 106 and the sac-
rificial layer patterns 108 may be firstly etched to form first
holes 300 exposing the substrate.

Through the first etching process, the inner portion of the
first holes 300 may have a line shape extended in the second
direction. The step pattern structure 110 between adjacent
first holes 300 in the second direction may be unetched. The
unetched portion 302 in the step pattern structure 110 may
become a portion for forming a connecting pattern in a fol-
lowing process.

The first holes 300 may be formed in a portion between
neighboring pillar structures 130 in the third direction. That
is, the step pattern structure 110 between the first holes 300
may have an extended shape while surrounding the pillar
structures 130.

At the exposed substrate in the first holes 300, an impurity
region functioning as a common source line (CSL) may be
formed. On the impurity region, a metal silicide pattern such
as a cobalt silicide pattern, a nickel silicide pattern, etc. may
be formed.

FIG. 25 illustrates a perspective view illustrating a portion
to be etched by a second etching process to be explained
hereinafter. F1G. 26 illustrates a perspective view illustrating
a step pattern structure portion after performing the second
etching process. Referring to FIGS. 25 and 26, an insulating
layer sufficiently filling up the inner portion of the first hole
300 may be formed, and a planarizing process may be per-
formed to expose the upper surface of the step pattern struc-
ture 110.

In the step pattern structure 110, a connecting pattern form-
ing portion 302 in the uppermost layer for forming the SSL
may be removed to fon a second hole 304. Through forming
the second hole 304, the uppermost sacrificial layer patterns
108/ for forming the SSI. may have a separated shape from
each other.

Then, the same subsequent processes as explained refer-
ring to FIGS. 15 to 17 may be performed to form the vertical
type semiconductor device illustrated in FIG. 21.

As described above, the word lines at each layer may be
connected by the connecting pattern by the cell block unit in
the vertical type memory device in accordance with example
embodiments. Thus, an additional wiring for connecting the
word lines may not be necessary. Accordingly, the wiring
included in the vertical type memory device may become
simplified, and the vertical type memory device may be easily
manufactured.

FIG. 27 illustrates an embodiment of an information pro-
cessing system 1100 provided with a vertical type nonvolatile
memory device 1111. The information processing system
1100 may include a memory system 1110, and a modem
1120, a central processing unit 1130, a ram 1140 and a user
interface 1150, respectively making an electric connection to
a system bus 1160.

In the memory system 1110, processed data by the central
processing unit 1130 or externally input data may be stored.
Since the memory system 1110 may include the vertical type
nonvolatile memory device 1111 in accordance with example
embodiments, the information processing system 1100 may
stably store a large capacity of data.
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Even though not illustrated, the information processing
system 1100 in accordance with example embodiments may
be further provided with an application chipset, a camera
image processor (CIS), a mobile DRAM, or an input/output
apparatuses.

One or more of the embodiments described may corre-
spond to a vertical type nonvolatile memory device. Particu-
larly, the vertical type nonvolatile memory device may be
manufactured by a simplified process in accordance with
example embodiments.

Example embodiments have been disclosed herein, and
although specific terms are employed, they are used and are to
be interpreted in a generic and descriptive sense only and not
for purpose of limitation. In some instances, as would be
apparent to one of ordinary skill in the art as of the filing of the
present application, features, characteristics, and/or elements
described in connection with a particular embodiment may be
used singly or in combination with features, characteristics,
and/or elements described in connection with other embodi-
ments unless otherwise specifically indicated. Accordingly, it
will be understood by those of skill in the art that various
changes in form and details may be made without departing
from the spirit and scope of the present invention as set forth
in the following claims.

What is claimed is:

1. A vertical type semiconductor device, comprising:

a plurality of pillar structures extending in a first direction,
the pillar structures including channel patterns and being
arranged in a second direction and a third direction
crossing the second direction;

a first word line structure surrounding the pillar structures,
the first word line structure extending in the second
direction and including first word lines, the first word
lines being spaced apart from each other and stacked in
the first direction;

a second word line structure surrounding the pillar struc-
tures, the second word line structure extending in the
second direction and including second word lines, the
second word lines being spaced apart from each other
and stacked in the first direction, the second word line
structure being disposed adjacent to the first word line
structure in the third direction;

a plurality of connecting patterns to connect side walls of
adjacent first and second word lines, the connecting
patterns being electrically coupled with the first and
second word lines positioned at a same level; and

a plurality of string select lines coupled to string select
transistors on the first and second word line structures,
each of the string select lines surrounding at least one
pillar structure in the third direction and extending in the
second direction, the string select lines separated from
the first and second word line structures.

2. The device as claimed in claim 1, wherein:

the first and second word lines and the connecting patterns
are positioned at the same level correspond to word line
patterns, and

the word line pattern in one layer is connected with one
contact plug and one connecting wiring electrically
coupled to the contact plug.

3. The device as claimed in claim 2, wherein the word line
patterns are arranged in a block unit and wherein the first and
second word lines positioned in a block region of the block
unit are electrically connected.

4. The device as claimed in claim 1, wherein the connecting
patterns at each layer are arranged in the third direction.
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5. The device as claimed in claim 1, further comprising a
ground select transistor including a ground select line,
wherein the ground select line is under the first and second
word lines at a lowest layer.

6. The device as claimed in claim 1, wherein the first and
second word lines extend to surround at least one pillar struc-
ture in the third direction.

7. The device as claimed in claim 1, wherein the first and
second word lines are wider than the string select line.

8. The device as claimed in claim 1, wherein the first and
second word lines have substantially a same line width as the
string select line.

9. The device as claimed in claim 1, wherein the connecting
pattern includes a same conductive material as the first and
second word lines.

10. The device as claimed in claim 9, wherein the conduc-
tive material comprises a barrier metal material including a
metal nitride and a metal material including tungsten.

11. The device as claimed in claim 1, wherein:

a portion of the string select line facing the connecting
pattern in the first direction is wider than another portion
of' the string select line.

12. The device as claimed in claim 1, further comprising a
plurality of stacked layer structures, wherein each stacked
layer structure includes a tunnel insulating layer pattern, a
charge storing layer pattern, and a blocking layer pattern
arranged on a side wall of a corresponding one of the pillar
structures.

13. A vertical type semiconductor device, comprising:

aplurality of pillar structures extending in a first direction,
the pillar structures including a channel pattern and
being arranged in a second direction and a third direction
crossing the second direction;

a word line pattern including word lines and connecting
patterns, the word lines surrounding the pillar structures,
extending in the second direction, and being repeatedly
arranged in parallel in the third direction, the connecting
patterns connecting side walls of the word lines to elec-
trically connect the word lines repeatedly arranged in
parallel to each other in the third direction; and
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a plurality of string select lines coupled to respective string
select transistors, each of the string select lines extend-
ing in a second direction and provided higher than an
uppermost word line pattern and surrounding one pillar
structure in the third direction, the string select lines
separated from the word line pattern.

14. The device as claimed in claim 13, wherein a plurality
of the word line patterns are stacked and spaced apart from
each other in the first direction.

15. The device as claimed in claim 14, wherein one word
line pattern of one layer is provided with one contact plug and
a connecting wiring electrically coupled to the contact plug.

16. A vertical type semiconductor device, comprising:

a first word line;

a second word line;

a connector to electrically connect the first word line and
the second word line to form a word line pattern;

at least one string select line over the word line pattern; and

a number of pillars passing through the at least one string
select line and the first and second word lines of the word
line pattern, wherein the connector is substantially
coplanar with the first and second word lines and is
located at an area different from adjacent ends of the first
and second word lines.

17. The device as claimed in claim 16, wherein at least two
pillars pass through the first word line and at least two pillars
pass through the second word line.

18. The device as claimed in claim 16, wherein the con-
nector is to connect side walls of the first and second word
lines.

19. The device as claimed in claim 16, further comprising:

a plurality of the word line patterns in a stacked arrange-
ment,

wherein ends of the stacked word line patterns are stepped
in a predetermined direction.

20. The device as claimed in claim 16, wherein widths of

each of the first word line and the second word line are
different from a width of the string select line.
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